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Introduction
Type 2 diabetes and overweight or obesity are two closely related conditions often referred to as epidemics. Based on current definitions, type 2 diabetes has afflicted an estimated 24 million people in the United States [1] , with an increase of more than 3 million occurring in recent years [2] . Recent years have also witnessed a tremendous rise in the prevalence of these conditions in the Asian population [3, 4] , with a replication of the epidemic once considered exclusive to the West [5] [6] [7] [8] .
The metabolic syndrome constitutes a cluster of conditions characterized by abdominal obesity, or in technical terms, high waist circumference, hypertension, dysglycemia, dyslipidemia. There is a huge body of evidence to suggest that the metabolic syndrome sets the stage for the development of full-blown type 2 diabetes and premature cardiovascular disease [9] [10] [11] [12] [13] [14] . Other manifestations of obesity and the metabolic syndrome include joint disease, malignancies and sub fertility. Psychological implications resulting from social discrimination and low self esteem related to body dissatisfaction are manifesting increasingly in this population of individuals [15, 16] .
The rising prevalence of the metabolic syndrome, and the complications that have stemmed from the condition [17] [18] [19] , has imposed a huge social and economic burden on the health care system [20] [21] , which is particularly relevant in the context of communities with very limited resources, such as Pakistan. Type 2 diabetes and the metabolic syndrome bear a strong genetic component [23] [24] [25] [26] [27] . There is also abundant data to suggest that bad genetics are not the only culprits leading to this complex array of metabolic abnormalities [28] . There are many environmental influences, relating to the consumption of unhealthy calorie dense diets and physical inactivity that have accompanied the process of expanding technology, urbanization and Westernization. Such influences have been shown to be independently associated with the development of the overweight state and the metabolic syndrome-the precursors of type 2 diabetes [28, 29] .
Knowledge of this interplay between genetic [30] and environmental influences [31, 32] in the pathogenesis of the metabolic syndrome can lead to the development of screening protocols geared to the detection of an individual at high risk for the development of the condition. Such screening may help to identify and capture the victim of a potentially lethal cluster of metabolic abnormalities, at a potentially reversible or modifiable stage, or at a stage preceding the onset of full blown type 2 diabetes or cardiovascular disease.
We aimed to arrange for screening of potentially high risk individuals for presence of the metabolic syndrome when the patient already known to have diabetes presented for a checkup at the diabetes clinic. The screening, therefore, was targeted at two sets or strata of individuals: firstly, for the sibling of the type 2 diabetic presenting to the clinic, who, owing to their genetic predisposition, are at high risk for the presence of the metabolic syndrome. The second set included the spouse of the diabetic. The rationale behind the screening of the spouse is that the spouse is very likely to be sharing the same unhealthy lifestyles that the diabetic partner is or has been exposed to. This hypothetically places the spouse at a risk for the presence of the metabolic syndrome, irrespective of consanguity. There have been studies looking at the metabolic syndrome in the first degree relatives of type 2 diabetics conducted in Argentina [33] and Iran [34] . However, to our knowledge, no major study in our region of Pakistan has looked at this specifically. The study done in Pakistan, most relevant to our study was conducted in 2005 [35] . This study addressed the metabolic risk factors, insulin resistance and lifestyle in children of type 2 diabetes patients in Karachi, Pakistan [35] . In this study, data were collected from 37 children/adolescents of type 2 diabetes patients and 37 controls from children without diabetes, presenting to the Diabetes and Endocrinology clinic at the Aga Khan University Hospital. The authors concluded that the children of type 2 diabetes patients had higher body mass index (BMI) and blood pressure than controls and that the hypothesis raised in the study needed confirmation through larger ones [35] . Our study took one step further through involving the spouse of the diabetic. No regional study, in general, concerned with the metabolic syndrome, has incorporated the spouse of the type 2 diabetic, who may not have any form of genetic link with the diabetic patient, whatsoever, but who may very well be sharing a great deal of lifestyle behavior and may very well be subjected to the same environmental influences as the latter. Including both the sibling and spouse of the type 2 diabetic may help to indicate whether it is the genetic predisposition or the environmental influences that predominate in the development of the metabolic syndrome.
It was hypothesized that conducting this survey would not only give us the opportunity to estimate the prevalence of the metabolic syndrome in the relatives of patients with type 2 diabetes but would also serve as a screening tool to detect patients at high risk for the development of full blown type 2 diabetes and its accompanying complications, the most dreaded of all being premature cardiovascular disease. This may help to create a better awareness, amongst health care professionals, of the magnitude of the problem. It may facilitate in the initiation of the counseling and management, including measures relating to lifestyle modification, and perhaps even pharmacotherapy, of these individuals, who may have previously gone unnoticed for long, despite sharing the same genetic and environmental milieu as the diabetic relative, and that too, at a potentially salvageable stage. This may help to establish more widespread screening health camps directed particularly to this high risk population.
Aims and Objectives
a. To estimate the prevalence of the metabolic syndrome in blood and non-blood relatives of patients known to have type 2 diabetes, presenting to the Diabetes clinic, as defined by the International Diabetes Federation (IDF) criteria for the definition of the metabolic syndrome.
Study design:
Cross-sectional study.
Sample size: 400 participants, with 200 index subjects and 200 referent subjects
Using software EPI Info and assuming 34.8% prevalence of metabolic syndrome in relatives of patients with type 2 diabetes [33] , with 95% confidence level, and a bound of error of ± 8%, the estimated sample size was 367. For sample size calculation for the factors associated with the metabolic syndrome in relatives of type 2 diabetics, the prevalence of risk factors was taken as 50%, using a two sided alpha of 0.05, with range of factors among non-exposed group of 46-100 %, odds ratio of 2, with 80% power. Adding to 10% for non-response, that is, 33 samples to the calculated sample size, the final sample size was found out to be 400 study participants (index subjects=200; referent subjects=200).
Sampling Technique/Methodology: Case Controlled study
Inclusion criteria for index type 2 diabetic: Both male & female type 2 diabetic between ages of 18-70 yrs, with live spouse and at least one live sibling.
Exclusion criteria for index type 2 diabetic: Type 2 diabetic whose siblings or spouse resided out of the city, and, therefore, may not have been accessible for the laboratory tests or physical measurements. Index type 2 diabetic refusing consent to have their sibling and/or spouse enrolled in the study.
Inclusion Criteria For Index Sibling (ISi) and Spouse (ISp)
Sibling (brother or sister) of the presenting type 2 diabetic. 
Data Collection
The sibling (brother or sister) of the index type 2 diabetic [ISi] was subjected to an interview based questionnaire, which was designed to gather data on the sibling's sociodemographic variables (age, gender, ethnicity, occupation, education and socioeconomic class), the number of other first degree type 2 diabetics in the family, from both the maternal and paternal side, and any possible medication used by the sibling, such as, for weight loss or high blood pressure. The physical measurements (weight, height, waist circumference, blood pressure and presence of acanthosis) as well as the laboratory investigations (FBS, Triglycerides and HDL) were recorded in this questionnaire. The spouse [ISp] was subjected to a similar interview-based questionnaire.
Taking of Anthropometric Measurements
Weight: Weight was measured in kg and entailed the use of a weighing machine. This was placed on a flat surface on the ground. The needle was brought back to zero before the weight of each participant was taken. The participants were requested to remove their shoes before being weighed and remained in their uniforms, with all pockets emptied out and all jumpers/sweaters removed. They were made to stand with their feet together.
Height: It was measured with the help of a wall mounted stadiometer (calibrated in cm). This too was positioned on a flat ground. The participant was asked to stand straight with his/her posture adjusted by the concerned data collector so that the back was straight and the highest point of both ears was at one level, that is to say, the head was not tilted to any one side, and with feet together.
Waist circumference: It was measured with the help of a measuring tape (calibrated in both cm and inches) positioned midway between lower rib margin and the iliac crest.
Blood pressure
Two Blood Pressure readings were obtained to measure both systolic and diastolic blood pressures. The measurements were taken at least 2 minutes apart, from the right arm, using an appropriate size cuff sphygmomanometer, with the subject in the sitting position. An apparatus validated by the American Heart Association was used.
The weight, height and waist circumference and blood pressure each were measured twice by the same research officer and the mean of the two values were used. In case of a major difference between the two readings, defined as a difference of more than 0.5 units, two further measurements were obtained and a mean of those were used.
Selection of ISi and ISp
The first group comprised 184 siblings (one sibling per index diabetic patient) of randomly selected type 2 diabetics, (conforming to inclusion criteria cited above), presenting to the diabetes clinic at the AKUH. As the second group, 184 spouses of the same diabetic were selected. Following informed consent, these individuals had their anthropometry and physical measurements, [blood pressure, weight, height, waist circumference, presence of acanthosis nigricans at the nape of the neck], measured by a dedicated well-trained research officer, as detailed above. This research officer arranged for them to reappear in the fasting state (preferably the next day, or earliest possible day), following a 12 hour period of fasting, for measurement of fasting blood sugar (FBS), Triglycerides (TG) and High Density Cholesterol (HDL): These laboratory tests were done at the main Aga Khan University laboratory, or at a hospital affiliated collection point nearest to the participant's residence, through a coupon system, which worked as follows: the AKUH clinical laboratory in-charge placed a billing code on the coupon against the budget code of the study. A scanned copy of this, with the signature of the principal investigator was electronically mailed to all the collection points spread across the city of Karachi. The principal investigator had copies of the same coupon to give to the study subject. The laboratory receptionist at each collection point was able to compare that against the scanned copy that they had been sent. In this way, the charges were deducted against the project budget account.
In case the eligible spouse and sibling had not accompanied the type 2 diabetic at the clinic, at the time of selection for the study, they were requested to appear at the next earliest possible day for the anthropometrics to be taken at the clinic, by the dedicated research officer, following informed consent for this.
Selection of RSi and RSp
The third group included 182 siblings of non diabetic patients visiting the clinic, as well as siblings of non diabetic physicians, nursing staff, receptionist and other staff members at the clinic. The fourth group included the 182 spouses of the same non diabetic individuals from whom the sibling had been selected. These referent groups were subjected to the same eligibility and inclusion criteria as the index groups. The referent groups were subjected to the same questionnaire based interview, physical measurements and laboratory testing through the same strategy used for the index groups, as has been outlined above. 
Independent variable
Relation of the participant to the diabetic was a binary variable, constituting either sibling (brother or sister) of the type 2 diabetic, or spouse of the same type 2 diabetic.
Sociodemographic variables:
i. Age of sibling and spouse of the type 2 diabetic was recorded as a continuous variable.
ii. Gender of sibling and spouse of the type 2 diabetic was categorized into male and female categories
iii. Ethnicity of sibling and spouse of the type 2 diabetic, defined as the mother tongue according to the region of origin, was inquired of according to five main groups, namely: Urdu speaking, Punjabi speaking, Pushto speaking, Baloch speaking, Sindi speaking iv. Socioeconomic status of sibling and spouse of the type 2 diabetic was categorized into low middle class, with average income ≤ Rs 2,500/month , and upper class, with average income ≥ 10,000/month.
Education of sibling and spouse of the type 2 diabetic would be categorized into five groups: 
Statistical Analysis
Statistical analysis of the data was done using SPSS version 16. All data entered through Epi Info was transported to SPSS 16 for purpose of analysis. Differences in proportion for index sibling and spouse, and referent sibling and spouse were assessed by using the pearson chi square test, whereas differences in means through the independent sample T test. Two sided p values < 0.05 were considered statistically significant. The odds ratios for the development of the components of the metabolic syndrome for siblings of type 2 diabetics, compared to siblings of non diabetics, and the odds ratio for the development of the components of metabolic syndrome for spouses of type 2 diabetics, versus spouses of non diabetics, were expressed with 95% confidence intervals.
Results
Of the selected subjects, complete data pertaining to sociodemographic variables, and MS components were available for 197 index siblings and spouses, while for 187 referent siblings and spouses.
The descriptive characteristics of the study population ( 
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Discussion
The strength of our study is that it has compared the constituents of the metabolic syndrome in both sibling and spouse of the individual with known DM2. Our study found no significant association in the overall prevalence of the metabolic syndrome in siblings and spouses of individuals with diabetes, versus siblings and spouses of non-diabetics. However, where individual components of metabolic syndrome are concerned (waist circumference, blood pressure, blood sugar and blood lipid levels), there was a significant association of high waist circumference in both siblings and spouses of individuals with diabetes as compared to siblings and spouses of individuals without diabetes (Table 3b & 4b) .
Yusuf et al. [36] sought to determine whether markers of obesity, such as waist circumference, waist-hip ratio would be stronger indicators of myocardial infarction versus the conventional measure of body mass index. They found that waist circumference was strongly related to myocardial infarction risk. The International Day for Evaluation for abdominal obesity [IDEA] study emphasized waist circumference to be an important clinical marker for incidence of coronary heart disease and diabetes mellitus across the globe [37] . This applied even in case of individuals with normal weight. Kamran et al. [38] conducted a survey in Okara, Pakistan to compare coronary artery disease risk factors in abdominal obesity, versus general obesity with normal waist circumference, in adult males. The investigators concluded that both higher body mass index and higher waist circumference were associated with increased risk of coronary heart disease, with a significantly higher risk in the high waist circumference group.
Khan et al compared glucose tolerance of spouses of patients with type 2 diabetes attending a diabetes clinic with spouses of non diabetic subjects. The investigators concluded that the former group had a significantly greater risk of type 2 diabetes than the latter. The participants of the investigation underwent BMI assessment, as well as adjustment for this parameter on multiple logistic regression, with risk of diabetes remaining significant [2.11 (95% CI 1.74-5.1)]. Central obesity was not measured in their study [39] . Di Castelnuovo and his team through a metaanalysis on spousal concordance for cardiovascular risk factors state that very few studies have investigated spousal concordance for such risk factors as the metabolic syndrome, and more data was required for meaningful analysis [40] . Leong et al conducted a systematic review and meta-analysis to examine spousal association for diabetes. The group concluded that spousal history of diabetes was associated with 26% increase risk of diabetes [41] .
A Nation-wide survey conducted in Korea concluded that there was a significant spousal concordance of the metabolic syndrome in the Korean population relating to sharing of environmental factors leading to the development of the metabolic syndrome. Their group found strong spousal correlations for each component of the metabolic syndrome [42] . Among the 5 components of metabolic syndrome, prevalence of abdominal obesity had the greatest impact on the difference between Korean and Western populations. Our study also showed a significant association between central obesity, as evidenced by high waist circumference, in spouses of diabetics as compared to those of non-diabetics (OR 1.03, 95% CI 1.007-1.06). The reason for the lack of association of other MS component factors (other than abdominal obesity) in our study could be related to the smaller sample size of a hospitalbased cohort and/or to the fact that high waist circumference may be an earlier indicator for the later development of the full-blown MS in these individuals.
Our study revealed siblings of subjects with type 2 diabetes to have significantly higher waist circumference as compared with siblings without diabetes (1.04, 95% CI 1.006-1.07). Sibling history of type 2 diabetes has been known to elevate diabetes risk by three fold [43] . Knuiman et al. [44] looked at familial correlations and heritability for cardiovascular risk factors. They found that in nuclear families of Western Australia there existed a high correlation of BMI, cholesterol, systolic and diastolic blood pressure. The degree of correlation was greater for siblings than for spouses. They did not, however, measure waist circumference in this Caucasian population sample. In a large Chinese rural population, siblings aged 24-64 years were recruited from 5,224 families. Their data demonstrated significant correlation in body fat, lipid profile, fasting glucose levels and blood pressure amongst siblings. The correlation was particularly significant for siblings with smaller age differences [45] , suggesting both genetic and environmental influences. Spousal association was not determined in their study.
Our study was limited by the fact that it involved individuals appearing at a hospital-based clinic, as compared with a community-based one. We did not review dietary habits and physical activity levels of spouses and siblings, to determine similarities with the index diabetic. Previous work has revealed spousal and sibling similarities as regards social activities and dietary practices [42] [43] [44] [45] [46] [47] . There may be an even stronger correlation of such dietary practices in the South Asian community, where the father/ husband is more likely to be the family leader and determinant of which food items are consumed, as well as practices, in general, adopted by the entire family. Our work may serve as a foot-step to conducting a broader communitybased investigation, targeting clusters of families spread over the nation, for the evaluation of their metabolic parameters. Our findings re-iterate that abdominal obesity, through monitoring of waist circumference-a cost effective measure in a resource poor community-as opposed to BMI alone, be an integral part of assessment for cardiovascular risk factors. While inquiring about a family history of type 2 diabetes or cardiovascular disease, we urge and reinforce health care providers to question spousal history of cardio-metabolic disease, in addition to the traditional enquiry into history of disease in first degree relatives alone. Counseling regarding lifestyle modification may best be provided to the couple, as opposed to a single element of a family, even if one partner appears to be non-diseased at the present time. This may help to shape a healthier future for the entire family unit in the long run.
